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Dutline

4 PP mechanisms of J/P production vs data

4 PA: leading/high twist shadowing, saturation,
color transparency, etc.

4 AA:; puzzling behavior of R'Zf(pT) ;
charmonium as a probe for the dense matter;
transport coefficient from )}/ suppression

B. Kopeliovich, BNL, May 10-12, 2010
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Understanding pp data
Color singlet mechanism
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Understanding pp data

‘Modified color singlet mechanism
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Color octet/evaporation models

~
-

“I think you should be more explicit here in step two”

——— B. Kopeliovich, BNL, May 10-12, 2010
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Understanding pA data ;
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= why does Oeff decrease with ener'gy@

The 1st answer:

The 2d answer: no, it doesn't

The 3rd answer:  color transparency
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Time scales for |/W production

Color transparency

1
A cc dipole is produced with a small separation ec ~ o 0.1@
and then evolves into a J/W mean size ri/v ~ 0.5 fm

oF E
during formation time tf = —=—*5— = 0.1fm (16;/;/)
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At low J/W energy the dipole quickly %71 / _

expands to J/W, while at high energy = ] | |

0.6 1< io -

Lorentz time dilation keeps the initial {53 T
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Small SlZe. so w'Th rlSlng ener‘gy O abs 05 ‘ : : BK, A.Tarasov, J.Hiifner (2001)
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Time scales for |/W production

Quark shadowing T e
| i o NMC 200 GeV !
is a higher twist related to the non-zero cc 5 Stiiec e
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Time scales for |/W production
‘6luon shadowing |

The coherence length for gluon shadowing is much shorter than for quarks,
g
G% 2P " xi(1— x@ @ ~ 0.1 ) is independent of the scale.
mJ/\PmN

This is why there is no shadowing above %, > 0.01 where X2 = x3/(1 — x1)

No gluon shadowing in any of the fixed-target experiments
on charmonium production. Even at 900 GeV I¢ <1 fm

No gluon shadowing at RHIC at xp = 0, since x2 > 0.018 is too large.

At forward rapidities X2 is falling as X2 > e’ \/(mﬁ/\]:, + (P%))/s
At 7 =2 at RHIC x2 > 0.0025 (in CSM (x3) = 0.005 )

Gluon shadowing is neglidgibly small in the measured rapidity range.

- B. Kopeliovich, BNL, May 10-12, 2010

UNIVERSIDAD TECNICA



Rapidity dependence at RHIC :

ARSREARRR AR AR AR A _ Interpretation of this data in terms of a
breakup cross section (+ gluon shadowing) is

multiply (incorrect)

i ¢ =» The Cc pair attenuates not only in final state
l (breakup), but also in initial state (shadowing)

A TR R /—\ e (1)
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=» Due to saturation both U((:c) and o (1) steeply rise with rapidity

Oae X Q2(x2) ox €22887) is dictated by DIS data from HERA.

The dipole cross section nearly doubles between 7 =0 and 7 =2.

This is sufficient to explain the data
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AA collisions: J/W puzzle :

Au-Au Au-Au Cu-Cu
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The nuclear ratio for all hadronic species has tendency to fall with p.
and then to level off. Only J/¥ has a trend to rise with p

Charmonium is suppressed differently from jets:
no energy loss only absorption (breakup)

AR, B. Kopeliovich, BNL, May 10-12, 2010

FEDERI[U SANTA MARIA



Resolving the puzzle !

Three effects, which can be well calculated
. explam the puzzlmg behavuor' of R/ \II(PT)
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® Final state in-medium attenuation of J/W
controlled by the transport coefficient q

® Initial state shadowing/attenuation of the cc
dipole (not J/¥) passing through both nuclei

0p——p——p——tt— @ Gluon saturation leads to broadening of (p%)

Sy (GeV) of J / v and to a s1'r'ong Cr'onm enhancemen‘r

The only flﬁ'ed par'ame‘l'er' is ’rhe ‘rr'anspor'f coeffu:lem'
which is found to be(go = 0.2 — 0.3 GeV?/fm
smaller than what comes out of jet quenching analyses.

J/¥ suppression offers a novel way to measure

E.i;; BK, I.Potashnikova, |.Schmidt B. Kopeliovich, BNL, May 10-12, 2010
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Relevant time scales

% Production time:

In the c.m. of the collision a colorless cc -pair is produced at the time

which is much shorter that the time scale of medium creation, tp < to

| However, t, isvs/2mn longer in the rest frames of colliding nuclei

 Formation tiwe:

The time of formation of the J/¥ wave function is also short

tp = /¥ < 0.5 fm
(m\If’_mJ/fo)mJ/\If o

% Not a Cc dipole, but a fully formed J /¥ propagates through the medium

g B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

1 Final state attenvation

2 The absorption cross section for a dipole propagating
: through a medium is related to the parton
1.5 broadening, i.e. to the transport coefficient q

® 61:2,0 » = ——qr

+ dr? lr=0 absorption rate dl 2
0.5 -+ ¢ + /

1 1 .o
R(s,pr) = e /dgb exp | — 5 (rﬁ/q) /dl q(s
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J /¥ breakup is controlled by the same transport coefficient as the energy loss.

QO tO npart (ba S) A

- and adjusted 1'0 reproduce the data

N
|

We relied on the popular model 4(b,s,t) =

b B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

1 Final state attenvation

2 The absorption cross section for a dipole propagating
: Toonal through a medium is related to the parton
1.5 broadening, i.e. to the transport coefficient q
Z 1- X do(r dS I',l 1 i
] + .................................... Ir“ Ir=0 ;psorptionrate dl 2
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J /¥ breakup is controlled by the same transport coefficient as the energy loss.

QO tO npart (ba S) A

- and adjusted 1'0 reproduce the data

We relied on the popular model 4(b,s,t) =

— B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

) 2 Initial state suppression
S Cwtu The cc production time in the nuclear rest frame
: | tC _ \/g — ]-
m:E 1L ° mny/4m2 + p2 = MmMNX2
Ko + ______________________________ is sufflaen'r (5 <tp <13 fm) for quar'k shadowing.
0.5 _+ A :I: DR S
et ! However xz > 0.015 is 1'oo Iar'ge (18 is too shom‘) for'
T i ey gluon shadowing.
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Charm shadowing comes together with the breakup cross section, they are not
separable. The result, Sya =~ 0.8, is known from data. However, the impact
parameter dependence is important and can be only calculated.

We assume Sagp(s) = Sna(s) Sni(S)

A B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

) 2 Initial state suppression
S Cwtu The cc production time in the nuclear rest frame
: | tC _ \/g — ]-
m:E 1L ° mny/4m2 + p2 = MmMNX2
SeR £ ______________________________ is sufflaen'r (5 <tp <13 fm) for quar'k shadowing.
0.5 '_$\§_ o4 S e R L :: TSP
bt ! However xz > 0.015 is 1'oo Iar'ge (18 is too shom‘) for'
T i ey gluon shadowing.
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Charm shadowing comes together with the breakup cross section, they are not
separable. The result, Sya =~ 0.8, is known from data. However, the impact
parameter dependence is important and can be only calculated.

We assume Sagp(s) = Sna(s) Sni(S)

A B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

3 Initial state saturation of gluons

Due to saturation gluons experience broadening Ap2 = 2C(s) T (b)
with the coefficient C(s) known from DIS data.

1.3]

The Pt distribution of J/¥ has the form: |
p?r G 1.2:- ES66 ! ®
)

do (1 |
dp? - 6(p2.

Broadening results in ((p3) = (p%) + Apx

1.1

i ‘ g
e (p)+Apt .
Rr(pr) = p <1:> )+Ap 09|
de ‘<pT> : Oé(pT)
% This can be tested with the E866 data for 0'8:' dp2. x A
J/W production in pA at 800 GeV: ot i S ey IR T
70 1 2 3 4

. Works amazingly well with no adjustment! pr (GeV)

R B. Kopeliovich, BNL, May 10-12, 2010
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Nuclear eftects

Eventually, combining all three mechanisms we arrive at the final result

Zodsz Ti(s) R(s,pT)Saa(s) Rr(s,pr)

J/ W
RA/A (PT) 3 00
[ ds? T (s
2 0 2
: : o
150 Cu-Cu T 4—t—— + gluon saturation 1.5

\+ initial state

shadowing/absorption

p. (GeV) p: (GeV)

O o B. Kopeliovich, BNL, May 10-12, 2010
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Summarizing,

Charmonium production offers a novel clean probe for
the medium created in heavy ion collisions:

No energy loss, no coherence effects for a charmonium propagating
through the medium. Attenuation is controlled by the transport
coefficient which is found to be small, do = 0.2 — 0.3 GeV?/fm
compared to the results if jet quenching analyses based on the
energy loss scenario.

If any additional source of nuclear suppression was missed, that
may lead only to a reduction of Qg

Production of other charmonia and bottomia should be a good test
and bring forth more information

E:‘ B. Kopeliovich, BNL, May 10-12, 2010



